We present the first internal motion measurement of the 6.7-GHz methanol maser within S269, a small H II region in the outer Galaxy, which was carried out in 2006 and 2011 using the Japanese VLBI Network (JVN). Several maser groups and weak isolated spots were detected in an area spanning by ∼ 200 mas (1000 AU). Three remarkable maser groups are aligned at a position angle of 80
Introduction
The 5 1 → 6 0 A + methanol maser transition near 6.7 GHz discovered by Menten (1991) is known to be closely associated with high-mass star-forming regions (e.g. Caswell et al. 1995; Walsh et al. 1997; Minier et al. 2003; Xu et al. 2008) . They are thought to be a probe of just before and/or after the onset of the ultra compact (UC) H II region (e.g., Walsh et al. 1998) .
Various morphologies of the 6.7 GHz methanol masers have been obtained with past interferometric and VLBI observations. The linear distribution and velocity gradient of the masers have often been explained as an edgeon rotation disk (e.g. Norris et al. 1998) . Such a rotation disk hypothesis is supported by detections of internal motions surrounding a radio continuum source (Sanna et al. 2010a; Sanna et al. 2010b; Goddi et al. 2011; Moscadelli et al. 2011) . Moreover, several ring-like distributions of masers have been applied to a disk model with rotation plus expansion/infall motion (e.g. Bartkiewicz et al. 2005; Bartkiewicz et al. 2009; Sugiyama et al. 2008b; Torstensson et al. 2011 ). However, De Buizer et al.(2012 resolved the near-and mid-infrared emission at the locations of four methanol maser rings, and did not find consistent morphology of IR emission based on the hypothesis that the masers reside in the circumstellar disks.
On the other hand, a shock-wave model has been presented to explain the maser location in several sources Walsh et al. 1998; Dodson et al. 2004 ). De Buizer (2003) searched for H 2 outflow signatures in massive young stellar objects with the linear distribution of methanol masers to test whether the outflows are perpendicular to the linear distributions. Their search revealed that H 2 emission is distributed almost parallel to the distribution of methanol masers in their sample sources. In addition, multi-epoch VLBI observations have shown the internal motions of methanol masers in massive star-forming region ON1, which suggested that the masers trace the expansion of the UC H II region or a bipolar outflow (Rygl et al. 2010; Sugiyama et al. 2011 ). The 6.7 GHz methanol maser emission has been detected on size scale of 1000 AU from young stellar objects, and can be a powerful tool to investigate the environment close to the forming high-mass protostar. However, internal motions of the 6.7 GHz methanol masers have been reported in limited number of sources so far (e.g. G16.59-0.05 for Sanna et al. 2010a ; G23.01-0.41 for Sanna et al. 2010b; ON1 for Rygl et al. 2010; Sugiyama et al. 2011; IRAS 20126+4104 for Moscadelli et al. 2011; W3(OH) for Matsumoto et al. 2011 ; AFGL 5142 for Goddi et al. 2011) . S269 (G196.45-1.68) is a small H II region spanning about 2 ′ (Heydari-Malayeri et al. 1982) , which is located in the outer Galaxy. S269 harbors two bright nearinfrared (IR) sources separated by ∼ 30 ′′ , IRS 1 and IRS 2 (Wynn-Williams et al. 1974a ). Later, IRS 2 was resolved into double sources IRS 2e and IRS 2w with a separation of 4 ′′ (Eiroa et al. 1994; Eiroa & Casali 1995) . Recent near-IR images imply that several H 2 knots are distributed across IRS2, which suggest two bipolar out- flows, powered by sources in IRS 2 (Jiang et al. 2003) . In S269, several signposts of star-forming activities such as OH and H 2 O masers (e.g. Wynn-Williams et al. 1974b; Genzel & Downes 1977) , high-velocity CO wing emission (Wouterloot & Brand 1989; Yang et al. 2002 ) and a Herbig-Haro object (Eiroa et al. 1994 ) have been detected.
The 6.7-GHz methanol maser emission has been also found in S269 (Menten 1991; Szymczak, Hrynek & Kus 2000) . The monitoring observations of 6.7-GHz methanol maser emission from 1999 to 2003 revealed that the three main methanol maser features have a sinusoidal time variation with a period of 668 days (Goedhart et al. 2004) . From past VLBI observation of 6.7-GHz methanol masers in S269 using the European VLBI Network (EVN), Minier et al.(2000, hereafter M00 ) detected two maser groups named A and B; there is a single maser spot at velocity of 14.70 km s −1 in group A, and eight maser spots at a velocity range of 15.04-15.43 km s −1 distributed in a linear structure of ∼15 mas at southeast-northwest direction with a clear velocity gradient in group B. The VLBI image by M00 showed that two groups were separated by ∼ 55 mas in 1998 November, and suggested that the methanol masers are probably associated with IRS 2. Recent astrometric observation of water maser in S269 with VERA also revealed that the absolute position of the water maser feature agrees well with the position of IRS 2w (Honma et al. 2007) .
In this paper, we present 6.7-GHz methanol maser images of S269, eight and thirteen years after the past VLBI observation by M00, and report the first measurements of the internal motion of the S269 methanol maser. We adopt D = 5.28 kpc to S269 (Honma et al. 2007) , and hence 1 mas corresponds to 5.27 AU.
Observations and Data Reduction
VLBI observations of 6.7-GHz methanol masers in S269 were carried out at two epochs, on 2006 September 10 using four telescopes of the Japanese VLBI Network (JVN), and on 2011 October 22 using seven telescopes (table 1) . At Epoch 1, left-circular polarization was received at Yamaguchi and Usuda, while linear polarization was received at VERA Mizusawa and VERA Ishigaki. At Epoch 2, left-circular polarization was received at all telescopes. The data were recorded with the VSOP terminal system (Kawaguchi et al. 1994) . The recorded data were correlated with the Mitaka FX correlator (Shibata et al. 1998) .
Data reduction including calibration, data flagging, fringe fitting and imaging utilized using the NRAO AIPS package. For visibility-amplitude calibration, we applied the "template method" (e.g. Diamond 1995) in order to correct any short term gain fluctuations and pointing errors with a time resolution of 30 seconds.
We corrected the visibility amplitude decrement due to the correlation between different (circular-or linear-) polarization data at Epoch 1 under assumption of no significant polarization of the source, using the method of Sugiyama et al.(2008a) . A visibility amplitude in correlation between circular-and linear-polarization data reduces by 1/ √ 2. For the case of visibility amplitude in correlation between linear-and linear-polarization data, the amplitude varies with time of observation, or parallactic angle of observing source at the time. We applied the amplitude correction factor for each baseline visibility.
The residual delays and rates were estimated from observations of the continuum source 0611+131. The bandpass responses were calibrated with observations of 4C39.25. Fringe fitting and self calibration were done for the brightest methanol maser emission in S269. Channel maps were made every 0.178 km s −1 with uniform weighting. The positions of the detected maser spots were derived by fitting an elliptical Gaussian brightness distribution to the maps using the AIPS task JMFIT. The observation parameters for the JVN observations are summarized in table 1.
We have also carried out the single-dish observations toward the 6.7-GHz methanol maser emission of S269 with the Yamaguchi 32-m telescope almost simultaneously with each JVN observation, for an absolute flux calibration to the VLBI data. The observations were performed for four days from 2006 September 4, and one day on 2011 October 22 just after the JVN observations toward S269.
The dual circular polarizations were recorded simultaneously, and combined after being transformed into the spectra. The velocity resolution was 0.044 km s −1 . The integration time was 14 minutes for each day, and the rms noise level was typically 1.0 Jy for one spectral channel. Spectral profile in September 2006 was obtained by averaging the four-day data, resulting the rms noise level of 0.5 Jy. Amplitude and gain calibrations were performed with the use of noise-sources having known noise temperatures.
Results

Spectra
Spectral profiles of the 6.7-GHz methanol maser emission in S269 are shown in figure 1. The maser emission was detected at velocity range of 14.0-16.5 km s −1 . The (Goedhart et al. 2004 ). In 2011, the peak flux densities at 14.7 and 15.9 km s −1 rise up over the variation range, while the peak value at 15.2 km s −1 is close to the value at its minimum intensity. This variation is different from the behavior during the period of the past monitoring observations. Figure 2 shows the 6.7-GHz methanol maser distribution in S269. At both of Epoch 1 and 2, all maser spots distribute over a range of ∼ 200 mas (1000 AU). The maser distribution is organized by several maser groups and some weak isolated spots. Here, we give labels to remarkable groups (A, B, C, D and E). Groups A, B and C are seen at both Epoch 1 and 2, and aligned along the direction at a position angle of ∼ 80
Spatial distributions
• . The most luminous maser spot at 15.2 km s −1 belongs to group B. The maser spots in group B distribute in a linear structure of ∼ 10 mas in the southeast-northwest direction with a velocity gradient. The maser distribution of group B in 1998 by M00 show a similar linear structure of ∼ 14 mas in the southeast-northwest direction, and the size became smaller. distributed over ∼ 10 mas with a clear velocity gradient. Group C is located 95 mas west from group B. It is divided into two spectral channels at velocities of 15.73 and 15.91 km s −1 at Epoch 1, while it consists of three maser spots at velocities of 16.33 and 16.49 km s −1 at Epoch 2. We cannot identify the detected maser spots within group C in the two epochs as being the same, because there is a difference of ∼0.5 km s −1 in velocity, larger than the velocity resolution of 0.178 km s −1 , between two epochs in their LSR velocities.
At Epoch 2, two prominent maser groups (labeled D and E in figure 2b and table 3 ) are visible. Group D is seen at 70 mas west and 60 mas north from group B. Group D consists of several maser spots with velocities of 16.00 and 16.17 km s −1 . The appearance of group D is consistent with brightening of the maser peak at 15.9 km s −1 in the spectral profile ( figure 1b) . Group E consists of several blueshifted maser spots at velocities of 14.8-15.3 km s −1 , and its detection is in accord with the brightening of the maser peak at 14.7 km s −1 . They are framed in by a dotted rounded box in figure 2b , and distributed over ∼ 170 mas on the dashed line at a position angle of 125 figure 2b , almost parallel to the alignment direction of the H 2 knots 1,2,3,4 and 5. The maser spots in group B [Vol. , and E seem to be aligned on the same line in the direction at position angle of 125
• . The two maser groups D and E are brighter than group C, but not as bright as group A.
The maser spots, except groups A and B were not visible in the EVN observations in 1998 November (M00). The maser peaks at 14.7 and 15.9 km s −1 could be at the minimum phase in intensity at that time, as Goedhart et al. (2004) has shown.
Internal motion
Since we did not use the technique of phase referencing for our VLBI observations, the absolute information of position is unknown. Furthermore, there is uncertainty about the identification of each maser spot, because (i) the different velocity resolutions between EVN and JVN; and (ii) time variation of velocity ranges of groups A, B and C at Epoch 2. Therefore, we here describe the relative position of the maser spots with respect to the barycentric point among maser spots within group A for each epoch. figure 3 . The spatial and velocity structure of groups A, B are similar during the period from 1998 to 2011. Group C appears in 2006 (Epoch 1) and 2011 (Epoch 2), and there are similarities concerning the position and the compactness of its structure between the two epochs. The angular separation between the barycentric points of groups A and B increases 5 mas for thirteen yeas from 1998 to 2011. If we assume that it increases at a constant rate, the velocity of the internal motion is estimated to be 10 km s −1 . We note that the maser distribution and the velocity range of group A at Epoch 2 are changed from two previous VLBI observations in 1998 and 2006 (Epoch 1), and there could be uncertainty about the reference point at Epoch 2. If we exclude the results at Epoch 2 for estimation of the internal motion between group A and B, the velocity of the motion would be calculated to be 13 km s −1 , since the angular separation increases by 4 mas from 1998 to 2006.
It is difficult to discuss about the motion of group C, because the velocity range of group C at Epoch 1 and 2 is not same, and therefore the maser spots in group C in different epochs cannot be identified as being the same. 
Velocity gradient
The velocity gradient in the overall distribution could roughly be seen along the alignment of groups A, B and C at a position angle of ∼ 80
• . At Epoch 2, another obvious linear structure, which consists of groups B and E, is seen along the southeast-northwest direction (position angle of 125
• ) in figure 2. However, a more rigorous inspection for the individual maser groups indicates that the velocity gradient is not simple. A position-velocity diagram along the direction at position angles of 80
• and 125
• indicates a linear fitting of velocity gradient of 9.5 m s 
Discussions
As described in introduction, the 6.7-GHz methanol maser emission has been considered to trace various structures in high-mass star-forming region. Here, we discuss possible scenarios where 6.7-GHz methanol maser emission is associated with a bipolar outflow or a disk.
Outflow scenario
The bipolar outflow scenario is the simplest explanation for the increase of the angular separation between two maser groups A and B. The axis of outflow would be a line joining the two maser groups A and B, in the direction at position angle of ∼ 80
• . A possible schematic diagram of the outflow model is shown in figure 5 . The viewing angle of the outflow (θ v ) is estimated to be 87
• , from the projected relative velocity of 13 km s −1 (V f sinθ v ) and the velocity difference between groups A and B of 0.6 km s the sky plane, and the absolute velocity of the expansion between groups A and B is estimated to be nearly 13 km s −1 . We derived the momentum rate of the outfloẇ P f , defined aṡ
where Ω f is the solid angle of the outflow, R is the distance from the central star, n H2 and m H2 are the number density, and the weight of molecular hydrogen, and V f is the outflow velocity (e.g. Nagayama et al. 2008) . The location of the central star would be somewhere on the line segment between groups A and B. The solid angle of the outflow, Ω f is 2π{1 − cos(θ op /2)}, and the opening angle of the outflow, θ op , is an appearance angle of group A or B from the central star. Here, we assume that the central star is located at the midpoint between the groups A and B. We obtainṖ f = 2.1 × 10 −5 M ⊙ km s −1 yr −1 , adopting θ op = 10
• as the appearance angle of group A or B from the midpoint that V f = 6.5 km s −1 as half of the absolute velocity of the expansion between groups A and B, R = 150 AU as half of the distance between groups A and B, and a typical gas density for methanol maser environment n H2 = 10 8 cm −3 (Cragg et al. 2005 ). Group C is also located on the extension of the line, and groups A, B and C could be associated with the same outflow. However, the direction at a position angle of ∼ 80
• is not consistent with a large-scale bipolar outflow in the southeast-northwest direction traced by several H 2 knots (Knots 1,2,3,4,5; Jiang et al. 2003) . Therefore, the internal motion of groups A and B could be driven by another outflow. The near-IR images have suggested the existence of a second outflow with a different axis traced by H 2 knot 6 as well (Jiang et al. 2003) . If the second outflow is powered by sources in IRS 2, the outflow axis would be a line to connect IRS 2 and H 2 knot 6. We note that the direction of the outflow axis is nearly parallel to the position angle of 80
• , which is the alignment of maser groups A, B and C. Currently, there is no strong observational support to link the outflow in southeast-northwest direction traced by several H 2 knots with the maser spots in group B and E aligned along the direction at position angle of 125 Here, we assume that the maser groups A and B rotate in an orbit with the radius of r at the rotation velocity of Vrot.
and proper motions of the methanol masers are necessary in order to confirm the relation between the maser spots and the H 2 knots in southeast-northwest direction.
Disk scenario
The disk scenario has often been proposed to interpret the maser distribution in a linear distribution with a velocity gradient, and could be another candidate to explain the observational results of the methanol masers. If the velocity gradient of the methanol maser emission is due to a rotation disk, the enclosed mass in the Keplerian law is estimated to be ∼ 1M ⊙ , assuming an edge-on view of the disk with a disk radius of 1000 AU, the total extent of the methanol masers. The estimated value is too small as a high-mass star forming region, in which 6.7-GHz methanol maser emission is exhibited. This fact has already been pointed out by M00, which suggested the possibility that methanol masers are associated with a fraction of the rotation disk, resulting is an underestimate of the enclosed mass.
Here, we consider the hypothesis that the methanol masers could trace the partial disk, assuming that groups A and B rotate around a protostar in an orbit with a radius of r at a rotation velocity of V rot , as shown in figure 6. The projected distance between groups A and B (D AB = r cos θ − r cos φ), the velocity of the relative motion between groups A and B (V rel = V rot sinφ − V rot sinθ), and the difference of the radial velocity between groups A and B (∆V rad = V rot cos θ − V rot cos φ) are provided from our VLBI observations. If we assume that groups A and B are located in the near side of the disk (0 • ≤ θ ≤ 180
• and 0
• ≤ φ ≤ 180 • ), the orbit radius and the rotation velocity are estimated to be r ∼ 75000 AU and V rot ∼ 150 km s −1 , adopting the observational results: D AB of 300 AU, V rel of 13 km s −1 and ∆V rad of 0.6 km s −1 . Using the estimated r and V rot , the resulting enclosed mass is 1.9 × 10 6 M ⊙ , which makes this scenario unlikely. If the location of group A is allowed to be at the far side of the disk (−180
• ≤ θ ≤ 0 • ), much smaller values of the enclosed mass can be derived. When (θ, φ) is (−88
• , 92 • ), the minimum value of the enclosed mass is calculated to be 180M ⊙ , in a disk property with V rot = 6.5 km s −1 and r = 3300 AU. The enclosed mass of ≥ 180M ⊙ is still somewhat large as a single high-mass protostar. Therefore, we conclude that the scenario that methanol masers trace a disk around a protostar is less likely to account for the observed characteristics of the methanol maser emission.
